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ABSTRACT

Computer-Assisted Instruction (CAI) is surveyed in terms of

both the extent of research progress as well as the degree of uti-

lization for this new technological approach to education. After a

brief review of some of the critical terminology used to describe

research progress within CAI, the paper develops a conceptual frame-

work by which to consider current investigatory efforts. The first

section deals with the psychological nature of the CAI situation.

The second, introduces concepts of how CAI provides for individuali-

zation of instruction. Third, it introduces the procedures and

research findings for the use of instructional strategies. The

paper concludes with a discussion of learner strategies and their

growing importance within CAI in learning investigations.



CURRENT RESEARCH DEVELOPMENT IN COMPUTER-ASSISTED INSTRUCTION'

Introduction

Computer-assisted instruction .(CAI) is now more than a decade old.

Having moved from a conceptual idea, CAI is starting to prove its

operational feasibility in the United States, Moreover, CAI has

started to document an impressive array of increased instructional

effectiveness for such curricular areas as elementary school mathe-

matics, reading, junior high science, college physical science, com-

puter science, and teacher training. In the United States, it is

estimated that in excess of 50 percent of the colleges and universities

are actively exploring the utilization of CAI. On the other hand, it

is estimated that less than 10 percent of our public schools has

some active research project in the CAI area. Given the short period

with which computers have been utilized for this type, of instruction,

these developmental statistics indicate the speed with which computer

technology is spreading, at least in the United States. As a major

thesis of this paper, it will be ea, tended that tie conceptual framework

for CAI development has not progressed rapidly beyond the initial

conjectures made during the late 1950's,

As is true for any new developing field, the initial concep-

tualizations about CAI were formulated at a simplistic or relatively

crude level. The use of computers for instruction have tended to

become known by the nature of their application, When CAI is considered,

1Paper presented at International Inaugural Conference, Institute
of Statistical Studies and Research, Cairo University, Cairo, U. A. R.,
December 17-19, 1969.
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the following kinds of applications have tended to evolve: (1) drill

and practice that provides a potential automation of the problem-

solving routines or homework to be mastered by a student; (2) tutorial

approaches that attempt to replace the teacher in as complete a manner

as possible; (3) problem-solving tasks that use the computer both as

a problem-structuring device and as a calculational tool for generating

answers; (4) simulation problems that attempt to replace many of the

empirical activities such as found in our science laboratory with

symbolic representations provided by the logical and stochastic capa-

bilities of computers; and (5) evaluation tasks via computer that

result both in sequential testing and more sophisticated forms of

data analysis. In essence, these applications represent a match

between the computer as a tool and a specific educational problem.

This paper will attempt to illustrate that it is possible to

develop a conceptual framework by which to consider the significant

research problems within CAI. The substance of this paper will be

divided in four sections: (1) the psychological nature of CAI,

(2) individualization of instruction, (3) the concept of instructional

strategies, and (4) the concept of learner strategies. These topics

have been selected because they are most commonly discussed and studied

by investigators in the CAI world. The presentation will focus on

both ambiguities as well as conceptions for formulating reasonable

propositions worthy of investigation. By focusing on the topics of

the nature of CAI, individualization, instructional strategies, and

learning strategies, it is hoped that CAI research in the future will

become more coherent in nature.
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Nature of Computer-Assisted Instruction

CAI can be defined as a form of human machine interaction whose

goal is the efficient learning of the desired curriculum. In terms of

the computing system, the pedagogical alternatives open to the CAI

designer are as follows: (1) selection of an appropriate media device

for presentation of the curriculum; (2) control of the rate of pre-

sentation; (3) control of the sequence of items within the curriculum;

(4) concurrent recording of all learning behaviors, and most importantly;

(5) a decision mechanism by which the rate and sequence of curriculum

elements are presented to the student. This decision mechanism is

commonly referred to as an instructional strategy although the con-

sideration of the selecticn of media is also commonly included under

this rubric, Optimization refers to the increase in efficiency found

for one instructional strategy as opposed to another instructional

strategy.

Before proceeding, it may be useful to characterize the

instructional paradigm for CAI more explicitly. First, the curriculum

to be taught can be conceptualized as a set of presentation elements,

P., which includes both presentation information as well as a question.

For each of these P. elements there should exist one or more correct

responses, R . These P-R pairs may be as simple as the pronunciation

of the word "fun" with the requirement to spell it, or as complex as

answering the question "How did the astronauts reach the moon?" after

reading a thousand word passage on the topic. Referring to Figure 1,

an instructional session is started by initializing the prior learning

history for a given student and determining which curriculum element



Start
Instructional

Session

Initialize the Student's
History for this session

Determine by the Instructional
Strategy Based on the Student's
Current Learning History which
Curriculum Item to Present

11,

Present Curriculum
Element to Student

Request and Record
Student's Answer

Evaluate the Answer and Up-Date
the Learning History of the

Student

Has the Terminal Stage for t
Session Been Reached?

Yes

Terminate Instructional Session

Fig. 1.--The instructional paradigm for CAI

ilk
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to present to him. Once the curriculum element has been presented to

the student, a response is requested and recorded within the CAI system,

This response can be evaluated via a pre-stwred set of answers and

symbolic matching techniques: This in turn allows the system to update

the learning history of the student. If the terminal element in the

curriculum has not been reached, the system then branches back to the

instructional strategy which determines the next curriculum element

to be presented, If the instructional strategy bases its selection

contingent on the previous learning history, the system can be referred

to as dynamic (response sensitive in Groen and Atkinson's terms, 1966),

On the other hand, if the selection is independent of the learning

history of the student, then it can be characterized as static. The

distinction between dynamic and static instructional strategies is

highly important, in that optimal solutions can be derived for either,

but the best evidence to date indicates that dynamic instructional

strategies ultimately will provide for the individualization hoped

for by CAI.

In terms of the human learner, it is always assumed that the

student has an expressed goal or purpose in mind. While alterations

in the selection of curriculum elements may be based on the student's

prior knowledge and aptitudes, it is commonly assumed the student

strives to reach the terminal element in the curriculum sequence as

fast and efficiently as possible. We have come to recognize that

students develop learning strategies for both varying learning contexts

as well as different instructional strategies found explicitly within

CAI. These learning strategies relate to the adaptation processes



6

of the student as to how he allocates his mental energy in regard to

the encoding, storing, and consolidation of the curriculum elements.

The concept of a student learning strategy is stressed in that it will

be contended that optimization ultimately will be defined as an isomorphic

match between the instructional strategy of the CAI system as developed

by its creators with the learning strategies evolve by the students.

This intuitive optimization can be quantified in terms such as reduced

learning times for fixed amounts of curriculum elements, or reduced

errors given that the terminal goal is based on some performance

criterion levelc, We turn now to a consideration of individualization

of instruction within CAI in order to better illuminate this match

between instructional strategies and learning strategies.

Individualization

The major justification for CAI has been the individualization

of the instructional process possible through this technological approach.

In conceiving of individualization, most investigators have tended to

define the process as one of supplying the appropriate instruction to

satisfy the student's educational needs. This definition of individualiza-

tion has obvious ambiguities. For example, are the educational needs to

be defined from the student's frame of reference, especially in terms

of his wants? Or is it to be defined by some benevolent power who pre-

scribes what the child ought to have? The concept of needs is an

internal behavioral construct within learning psychology. The problems

of its definition can be witnessed within the research literature on

human motivation and personality processes (Cofer and Appley, 1964).
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An alternative theoretic approach would be to utilize a simplified

input-output behavioral model and to assess the operational progress

made via CAI within the model's conception of individualization.

Turning now to this simplified model, individualization can

be thought of as a process by which the student maximizes his

informational input, processing, storage, and output. In psychological

terms, this conception of individualization specifies the stimulus

curriculum array, the cognitive processes, and the response require-

menLa. Breaking the behavioral processes of learning into these

three components will allow us to view what research progress has

been made via individualization within CAI.

In regard to stimulus input, investigators such as Briggs

(1967) and Gagne (1965) assert that great learning gains can be

achieved by appropriate assignment of the instructional media. Matching

appropriate films, audio lectures, or printed materials to individual

characteristics should, it is claimed, lead to better learning results,

Currently, the Pittsburgh and the Duluth Public Schools are providing

for student choices via computer scheduling among instructional media

alternatives to nearly 4,000 elementary school students. Given a

learning contract to achieve a certain performance objective, the

student chooses among the listed available educational resources which

can be books, audio records, films, etc.. A similiar research project

at Florida State University that involves teacher candidates indicates

that: (1) there are considerable individual differences in these

media choices, (2) the selection criteria seems to be based on a match

between the characteristics of the objectives of the instructors and the
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response requirements of,the learning task, and (3) media alternatives

do lead to improved performance.

More specific to CAI, our own experience in three replications

of an autonomous computer-based multi-media physics course at Florida

State University (Hansen et al., 1969) indicated that CAI interactive

problets ptesented over a CRT-light pen terminal lead to the greatest

learning gains in comparison with the audio lectures or text reading

assignments which in turn were superior to 16 mm films. Noting that

the students in the CAI version of the physics course performed 20

percent better than a matched sample of students attending a con-

ventional lecture-discussion ;curse, Table 1 presents the mean per-

formance on CAl questions associated with the four CAI media types and

Table 2 presents the multiple regression coefficients found for each

media type by lesson with the dependent measures of the mid-term and

final examinations.

TABLE 1.--Mean Correct Proportions on First Responses to Different
Media Presentation Types by Conceptual Topics

CAI CONCEPTION
CONCEPTS AUDIO TEXTBOOK FILMS EXERCISES

Scientific Measure .632 .698 .611 .586

Optics and Light .670 .733 .675 .673

Force and Energy .70.3 .706 .547 .666

Electricity .675 .703 .476 .653

Modern Physics .666 .703 .486 .605
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TABLE 2.--Multiple Correlations of Media Type Categories with
Examination Outcomes

MID-TERM EXAMINATION FINAL EXAMINATION

Audio .733 .798

Textbook .605 .694

Films .587 .445

CAI Conceptual Exercises .870 .901

It should be noted that the terminal objectives of the course stressed

physics problem solving. Consequently, it is no surprise that the

CAI-CRT media instruction (CAI conceptual exercises) proved superior

to the other media alternatives. It is interesting though that the

audio lectures were superior to films, given the large difference in

information load. Using multi-media research designs, one can, in

fact, separate out the various contributions of input media within

CAI. As an added complexity, our last replication indicates that the

individual difference factors of mathematics aptitude, state anxiety

(a personality process), and attitudes toward theoretical conceptions

were significant determiners of the learning outcomes and interacted

with the various media utilized. Thus, the appropriate individualized

assignment of media within CAI appears to be a highly complex problem.

Perhaps a more insightful example of this complexity is a

recently completed study by Dick and Latta (1969) which assessed the

presentation of the concepts of significant figures to two non-over-

lapping sampled groups of low and high mathematics ability students
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at the junior high level- The media contrast was that of paper and

pencil programmed instruction in comparison with CAI-CRT presentation.

To illustrate the learning gains, the pretest to the posttest com-

parison indicated a fourfold gain in performance (see Table 3) ,

TABLE 3,--Mean Scores on. Pretest, Posttest and Retention Test for
High and Low Ability Students on PI and CAI Curriculum Presentations

LOW ABILITY HIGH ABILITY
PI CAI PI CAI

Pretest 7-2 7, 3 8,1

Posttest 28.4 18,8 34.1 3408

Retention Test, 24-7 16-3 24 1 26.4

The maj3r finding was the nearly identical posttest and retention means

for media contrast within the high ability groups, the CAI version being

slightly superior, whereas there was a significantly lowered improve-

ment for the low ability students if presented via CAI. The large

learning gains for the low ability PI group were replicated in the

three-week follow-up retention test, One explanation for the low

ability CAI group's decreased performance could be the heightened memory

load required by CRT presentations. Thus, one can see that the assign-

ment of appropriate media on the stimulus input side will have to be

conditionalized according to at least the aptitude of a student.

In regard to internal processes, the middle component in the

model, the manipulation of the level of difficulty of the learning

curriculum elements has been successfully pursued, especially at

Stanford University (Suppes and Morningstar, 1969). In a project
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presently operating in a rural county near Tallahassee, we are pro-

viding daily CAI reading instruction to an array of students spanning

from primary grades up through high school. It is clear that pro-

viding for appropriate levels of difficulty within CAI reading com-

prehension provides for an accumulative positive outcome over a span

of an instructional year. To be more specific, Table 4 presents the

Fall and Spring testing results. As indicated by the IQ outcomes,

these are low aptitude students. For the early grade level students,

approximately one year in reading and mathematics achievement was

gained while the upper grade students yielded a less substantial gain.

These results are equivalent to those found in six other elementary

school level CAI projects in the U. S. Clearly, adjusting the dif-

ficulty level of the CAI curriculum elements according to concurrent

learning histories of the student yields positive results especially

for disadvantaged or low-aptitude students.

In terms of a more specific type of individualization for

mental processing, a recently completed study (Gay, 1969) indicates

that sex differences in learning strategies can be important deter-

miners. In this case, students from an eighth grade class were

provided differential numbers of examples or practice on mathematics

problems that represented the essential concepts of polynomials.

Three conditions were contrasted: one, a fixed number of assigned

exercises based on a prediction from the child's IQ score; second,

an assignment based on a memory retention index; and third, student

controlled or self-assignment. In this particular study, the boys

under the self-assignment condition achieved superior results,
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whereas the girls achieved superior performance levels when assigned

amount of practice according to the memory retention index. While

skipping over many of the details, it is clear that the measure of

IQ did not provide a good predictor for the assignment of examples and

practice, The important point is that the sex variable significantly

differentiates the appropriate approach to utilize within individualizing

the amount of practice within CAI mathematics instruction,

Turning now to the response side, the third component in the

model, it seems relatively clear that very little CAI research has

taken place. While we do have Rand Tablets, touch sensitive response

panels, and speech analyzers available, most of the experimentation

has focused on automated typewriters or CRT's with light pens, Perhaps

of even more concern is the fact that all of the individualizrA response

approaches have been symbolic in nature, i.e., these assume that the

student is capable of handling some symbolic language system. As any

school teacher will inform you, mastery of many concepts can be demon-

strated via such responses as drawings, acting or dramatization, or

constructing concrete models. Moreover, multiple responses like conf i-

dence about one's ability, trust of the situation, and concurrent

anxiety can dramatically influence the CAI learning outcomes. It

seems clear that a greater effort should be made on the technological

side to allow for a richer array of response capabilities, and the

emplo7ment for a wider variety of responses to each instructional pro-

blem.

While acknowledging that this input/output model for individuali-

zation is extremely simplified, it becomes clear that CAI research

efforts have explored only a few of the individualizing alternatives
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that have been suggested. Moreover, our exploration of how individuali-

zation interacts with different academic curricula has received a

meager start at best. The field needs a matrix of investigations by

which various curricular disciplines are intersected with student

populations of varying age levels. When one constructs such a matrix,

one observes the preponderance of omissions or blanks. Such a simple

exercise leads one to identify a compelling need for much more empirical

investigation of CAI applications in varying disciplines such as art,

music, English, as well as the sciences.

Speaking as a psychologist we obviously need longitudinal

studies of students who are daily involved with CAI, Thus, a decade of

serious empirii-..al studies seems needed in order to build a sound

research basis for our understanding of an outcome cube that represents

academic curriculum, by educational levels, by CAI individualization

procedures so that optimal assignments can be made for each student.

Instructional Strategy

Currently in the "CAI In-Group," one hears continuing reference

to the investigation of instructional strategies. This topic was first

described by Stolurow (1961) in terms of the logical flow of the

instruction, that is, the branching structures utilized within the

context of correcting error responses or applying remedial procedure

within the flow of the curriculum elements. As a contrasting conceptual

frame of reference, Smallwood (1962) proposed a quantitative model by

which to define instructional strategies that lead to optimal solutions

using dynamic programming techniques. As defined earlier, an instructional

I
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strategy is one that allows for a selection among the alternative rates

and sequences of curriculum elements in order,hopefully, to lead to an

optimal outcome. These alternatives involve the characteristics of the

learner, the structure of the curriculum materials being considered,

and the developmental representation of the learning processes utilized

by the student in order to minimize his effort and maximize his rewards.

Thus, the student from my point of view will always look to maximize his

rewards and minimize his effort in terms of either playing an "interesting

game" or contending with the problems posed by an educational system.

The primary issue concerns who controls the instructional

strategy. At one end of the continuum, Stolurow, Smallwood, and Suppes

would suggest that we prescribe the optimal selection of learning

events for the student. These investigators claim that once having

understood the student's basic learning processes that the educator, as

an outside decision-making mechanism, can best decide this prescription

for instruction. At the other end of the continuum, Grubbs (1968) has

suggested that a student, given his better self-awareness of all of

his internal mental processes and immediate states of awareness, can

best select his own strategy for acquiring a set of complex concepts.

From the framework presented in the earlier section on the nature of

CAI, it is clear that Stolurow and Suppes are referring to the proposed

definition of an instructional strategy, while Grubbs is referring to

the proposed definition of a student's learning strategy. Each strategy

is important to consider for ultimate optimization, even though each can

make its own contribution° This can be documented by the beginning empirical

experimentation on optimization within CAI.
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Turning now to an empirical study of two learning models which

considered the efficacy of dynamic instructional strategies in terms of

their optimality, a group of sixty eight-year olds were presented with

a spelling task via CAI. The task consisted of: (1) an auditory pre-

sentation of the targeted word, (2) an opportunity to type it, and

(3) an auditory and correct orthographic presentation for student study

(this is commonly referred to as the paired associate learning paradigm),

The students were divided up into six groups of ten each in order to

study two types of optimization First, Smallwood (1962), and Groen

and Atkinson (1966) have provided models indicating that if the learning

can be characterized as an incremental process to be specified by

a linear operator model of the form, the probability of an incorrect

response, gi,1141 = aql,n, then a uniform distribution sequence rule for

the curriculum elements will lead to optimal results, On the other

hand, if the learning can be characterized as a Markoff process involving

a learned and unlearned state, then the trial-to-trial independence of

the Markoff process implies a drop-out sequencing strategy, that is, the

instructional strategy drops out correct items because of their being

absorbed into the learned state and repeats the instruction on the

current error ox unlearned words. Obviously a CAI system is ideally

suited for keeping track of the student's spelling performance on

each word and composing each practice list according to either the

uniform or drop-out sequencing strategy,

Secondly, Suppes (1964) has proposed for language material

that a double linear operator model (one operator characterizing the

learning process and one operator characterizing the forgetting process)
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can imply one of two optimal approaches to forming the block size or

list length of the words to be studied° Quite simply, if the

learning is greater than the forgetting, the Suppes model implies that

a whole list approach is more optimal, While if the converse is true

for the learning and forgetting parameters, then a highly segmented

block or part approach is optimal. Given the individual differences

within learning and forgetting processes for eight year olds, it was

hypothesized that students could be more optimally assigned an appropriate

block size or length of their spelling list depending on both their

learning and forgetting rates. Thus the assignment of the list size or

block structure should be made dynamically from session to session.

Using thirty psuedo English words as the content for the spelling

task, the six groups were assigned daily sessions according to the

following instructional strategies: (1) Part --Drop -Out the list

size was five in length and within each inter-list interval, correct

words were dropped and new words from the total list were inserted;

(2) Part--Uniform Strategy: a list size of five words was practiced for

six repetitions on each day with appropriate randomization; (3) Optimal

Block Size--Drop-Out Strategy: list sizes of five, fifteen, or thirty

were utilized according to the estimated learning rates of the student

and correct items were removed during repetition; (4) Optimal Block Size- -

Uniform Strategy: list sizes of five, fifteen, and thirty were applied

according to the estimated learning rates of the students while sequencing

was uniformly distributed throughout the words; (5) Whole--Drop-Out Strategy:

students studied the full list of thirty words once per session with

correct words being removed on a session-to-session basis, and (6) Whole--
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Uniform Strategy: students studied the total list once per session with

appropriate randomization of the serial presentation. Thus, each student

received six training sessions and a twenty-four hour retention test.

The results are presented in Table 5.

TABLE 5.--Mean Proportion of Correct Spelling Responses for Six
Instructional Strategies

SESSIONS

PART
DROP-OUT UNIFORM
STRATEGY STRATEGY

OPTIMAL BLOCK
DROP-OUT UNIFORM
STRATEGY STRATEGY

WHOLE
DROP-OUT UNIFORM
STRATEGY STRATEGY

.43 .63 .23 .31 .08 .09

2 .45 .66 .39 .46 .09 .13

3 .43 .71 .51 .58 .17 .28

.4 .55 .75 .67 .63 .39 .47

5 e61 .85 ,87 .77 .63 .57

6 .75 .89 .96 .84 .79 .6l

Retention
Test .57 .43 .93 .73 .77 .55

A repeated measure analysis of variance indicated that the

optimal block-drop-out strategy provided both the best learning as well

as final retention performance outcome. As consistent with prior

research (Dear et al., 1965), the drop-out strategy led to better

retention results although the acquisition tended to interact with

the block size, that is, better learning under the drop-out strategy

occurred with larger block sizes. Thus, these results illustrate how

the application of two learning models and their implied instructional

strategy sequencing rules can lead to more optimal results, . As additional



19

confirmation of the approach, the students under the optimal block drop-

out strategy had mean correct latencies of approximately 13 percent

less than any of the other groups. Thus for classes of curriculum

elements that tend to be learned in unitary or All-or-None fashion

the use of CAI optimization techniques can have substantial payoff.

The application of optimal instructional strategies via CAI can lead to

maximizing on the desired criterion performance level as well as

increased efficiency due to decreased learning time requirements.

Learning Strategies

Student learning strategies are important in that the psycho-

logical memory and concept formation processes reflect individual

variation within encoding, consolidation, confidence, and affect

reactions like anxiety, Offering a student control over rate or

sequence can lead to increased performance given a high degree of

prior competence. Thus consideration of student learning strategies

within CAI can be approached as an interactive negotiation process:

the better the performance by the student, the more self-selection

and initiative should be offered concerning learning topics, alterna-

tive media, or amounts of practice.

One approach to applying learning strategies within CAI would

be to consider the developmental stages and patterns of the students.

The previously reviewed study by Gay (1969) on student control of

the amount of practice on polynomial concepts indicated that the boys

who were provided an opportunity for self-selection of examples per-

formed better. In the United States, adolescent males are found to
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have more advanced autonomy indices and self-conceptions of higher

confidence in comparison with females. Thus this heightened level

of personality processes can influence their learning strategies and

indicate how broader psychological variables should be considered

within CAI sequencing strategies,

Perhaps more persuasively, a study by Proctor (1968) indicated

that teacher candidates, when given the opportunity to explore the

concepts representing current curriculum theory, perform approximately

twenty percent better than a group who had a prescribed, logical

route through the CAI materials. It is important to understand that

the self-selection process has to be offered primarily to the better

students. When offered to this group, it will lead to a stronger

commitment by the brighter students to achieve the behavioral objec-

tives typically found within CAI curriculum,

Turning to the issue of anonymity within instructional

strategies, it appeazs based on the resul3 from our laboratory that

students find an anonymous role to be self-satisfying and allows for

greater curiosity, Self-exploration without the typical negative

social detriments found in a peer group can be facilitated via CAI.

Ir a recent study (Lawler and Hansen, in preparation) invastigating

understanding of the concepts of the physiology of reproduction,

birth control, and social morals concerning sex, the college students

found the anonymous role to be both self-satisfying and self-adapting,

By employing the technique of confidence ratings, we increase the

reliability of the test outcome from .40 to .70 plus having superior

performance levels. Moreover, self-report measures clearly indicate
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that the students felt that interacting with the CAI terminal was

far less threatening and far less alienating in terms of its punishing

remarks than a human interviewer, be he either a peer or an adult.

Continuing this topic of students' natural proclivity for

anonymous interaction and individualized student control, a study by

Smith (1968) performed a little over a year ago indicated that college

students, when offered computer-based counseling, considered that

the CAI system was vastly superior in terms of accuracy as well as

conveying a heightened trust for the academic recommendations pre-

sented via the terminal, More surprisingly, the faculty counselors

at the local junior college indicated that the computer system not only

was more accurate, more knowledgeable, but made equivalent academic

recommendations as they would offer, given that they had been thoroughly

trained as to the multitude of alternatives found within their academic

institutions. Thus, CAI may offer a very promising way to resolve some

of the tensions and ambiguities commonly found when human beings in

our society interact about high risk or critical valued problems as

career selection and preparation.

As a final example of the application of student learning

strategy, an investigation into the efficacy of CAI based learning

games with the accompanying utilization of a CAI information retrieval

system (Adair et al., 1969) indicate that such higher order behaviors

as the ability to provide valid and powerful explanations based upon

social science generalizations can be brought about via CAI. Using an

information retrieval system having in excess of five thousand social

science generalizations and accompanying background source documents,
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forty college students revealed growing ability to generate more

sophisticated explanations based upon the information searched within

and retrieved from the CAI based IR system, Accompanying attitudinal

data indicates that the students find this form of man-machine

interaction far more intellectually challenging and involving than

that typically found in a college discussion section. The game

aspect of the experiment which involved having students work on similar

puzzling case studies also indicates multi-person approaches to the

utilization of CAI interaction can have great learning payoff. This

inquiry into the broader utilization of CAI and information retrieval,

while still early in its development, offers a promising approach to

small group interaction; a feature desired within many pedagogical

situations

Conclusions

This broad survey of the current research in CAI indicates

both the growing efficacy of this form of man-machine interaction as

well as the minimum range of investigations in terms of curriculum

content and potential configurations of students and pedagogical

routines. One would predict that the next decade forcasts a growing

endeavor to develop more quantitative models representing both instruc-

tional strategies as well as student learning strategies. As we gain

greater insight into the potential role of these quantitative approaches

to instructional theory, one can anticipate greater benefits to our

attempts to individualize instruction. With the growing commitment to

expanding the educational enterprise in many countries, the use of computer
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technology offers great promise as one technique by.which to retain the

flavor of the master scholar interacting with his student.
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